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thenthefe animals in it live longcft,and move very briskly r 
whereas on the contrary the Melt being not full ripe, we* 
rnu'l with force prels it out of the Filh , and then tis dif£- 
aur to fee thefc Animalcules alive, 


t/f Theory of the Variation of the Mag¬ 
netical COMP ASS, by Mr . Ed. 
Halley Fellow of the % S. 

^T’He Variation of the Compafs (by which I mean the 
deflection of the Magnetical Needle from the true 
Meridian; ts of that great concernmeut in th e Art of Na¬ 
vigation : that the negledtthereof, doeslittle Icfs than 
render ufelefs one of the nobleft Inventions mankind ever 
yet attained to. And for this caufe all Ships of Confe* 
quence (efpecially thofe bound beyond the Equator^ car¬ 
ry with them Inftruments on purpofe to obfervethis Vari¬ 
ation : that fo thecourfe fteared by the Compafs, may be 
reduced to the true courfe in relpedf of the Meridian . 

Now altho the great utility that a perfeSt knowledge of 
the Theory of the Magnetical direction wouid afford to 
mankind in general, and efpecially to thofe concerned in 
Sea affairs, feem a fufficient incitement to all Philofophical 
sndMathematicab heads,to take under %ious consideration 
'he feverai Phenomena > and to endeavour to reconcile them 

by 


The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to 

Philosophical Transactions (1683-1775). 

www.jstor.org 








c 20$ ) 

by fome general rule : yet (o it is; that ilnioft all the Au- 
tho s, from whome a difeourfe of this kind ought to have 
been expected , pafs by in file nee the difficulties they here 
encounter, And thole that mention this Variation; by 
affirming it ro proceed from caules altogether uncertain 
( as are the cafinl lying of Iron mines and Loadfton es in 
in the Earth ) put a flop to all further contemplation; and 
give difeouragemeftt to thofe that would otherwife under¬ 
take this Enquiry. Tis true that not long fince one Mr. 
Bend, an old Teacher of Navigation, put fonhafmall 
Treacife wherein he pretends to calculate the Variation ; 
but he limits his Hypothecs to the City of London , ^affirm- 
tng himfelf (as he had a great deal of reafln, ) that the fame 
Calculus is not fufficient for other places; whereby it ap¬ 
pears that his rule is far Ihortofthe fomuch defired gene¬ 
ral one. 

Now altho (through want of fufficient obfervations and 
fome other difficulties which I (hall anon ihtw) I cannot 
pretend perftftly to eftabliffi the numbers and rules of a 
Calculus which ffiall precifely anfwer to the Variations of all 
parts of the World; yet f fuppofe it will not be unaccepta¬ 
ble to the curious to propofe fomething of a light into 
thisabftrufe mvftery ; which, if no other, may have this 
good effedt-, to Itir up the Phiiofophical Genij of the age 
to apply themfelve more attentively to this ufeful fpecu- 
lation. But before I procce-.d , ’twill ben eceffa-y to lay 
down the grounds unon which I raife my Concluuons ; and 
at once togivea$y«opfisof thofe Variations which I have 
reafon to look upon as fure , being moftly the obfervati* 
ons of perfons of good {kill and Integrity. 
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Tho t could with we could obtain from the Spinia r 
*-hat Variations they find in their Voyages from rhe 
nilhas towards Acapulco , thro the Nort.l part of the South 
Sea > as' Hkcwife what it is at Japan , from the Dutch : 
yet s (confidering the number oftheleobfervations I have 
collected, and that they are made in-parts of the World fo 
remote from Europe, and from one another ( 1 iuppofc that 
the Theory that anfwers thefe will fcarce fail i a t'hofe Re¬ 
gions from whence we have as yet no account. But firft 
we muff make fome remarks upon the foregoing Table, and 
Firft. 

That in all Europe the variation at this time is Wejt» 
and more in the Eaftern parts thereof than the Wcftcrn : 
as likewife that it feems throughout to be upon thein- 
creafe that way- 

Secondlythat on the Coaftof America± about Virgina } 
New-England and New-Found land, the Variation is like¬ 
wife Wefterly s and that it increafes all the way as you go 
Northerly along the Coaft fo as to be above 20 degrees at 
New-found land , nearly 3 o gr, in Hudf ms Jlraits , and not 
lefsthan 57. degrees in Baffin s Bay ; alfochatas you fail 
Eaftward from this coaft the Variation diminifhes. From 
thefe two it is a Legitimate Corollary: that Somwhere be¬ 
tween Europe, and the North-part of A merica, there ought to 
be an Eajlerly Variation , or at leajt no Wefterly. and fo I 
conjedlure it is about the Eaftermoft of the Tercera If 
lands. 

That on the coaft of Brafile there is Eaft Variation 
which increafes very notably as you go to the South-ward 
fo as to be 12. degrees at Cape Frio, and over againftthe 
river of Elate zo± degrees: and from thence failing fouth- 
Wefterly to theftraits of Magellanit decreafes 17 degrees, 
and at the weft entrance but 14 degrees, 

4. That at the Eaftward of Brafile properly lo called* 
this Eafterly Variation decreafes» fo as to be very little 

as 
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at St, Helena and Jfcenfion , and to be quite gone and the 
Compafs point true about 18 degrees ot Longitude Weft 
from the Cape of Good-hope. 

5. That to the Eafhvard of the aforefaid places a Weft- 
ward Variation begins , which reigns in the whole Inch. 
<wSea, and arifes to no lefs than Eighteen degrees under 
the Equator it felf* about the Meridian ot the Nor¬ 
thern part of Madagascar 5 and near the fame Meridian but 
in 39. degrees South Lat. it is found full 2 7 i degrees." 
from thence Eafterly the Weft Variation decreafes, foas 
to be but little more than Eight degrees at Cape Comorin * 
and than Three degrees upon the Coz&oVJava and to 
be quite excintt about the MoluccaIJlands , as alfo a little 
to the Weftwards of Van Diemens Land found out by the 
Dutch in 1642. 

6 . That to the Eaftward of the Molucca's and Van-Di¬ 
emens Land in South Latitude there arifes another eafterly 
Variation, which feems not fo great as the former nor of 
lo large extent * for that at the Ifland Rotterdam it is fen'ib • 
ly lets -than upon the EaftCoaft of New Guineas and, 
at the rate it decreafes, it may well be fuppofed that a- 
bput 10 degrees farther Eaft> or 225 degrees Eaft Lon¬ 
gitude from London , in the Latitude of ao degrees Souths 
a Wefterly Variation begins. 

7. That the Variations obfetved by the Honourable 
Sr. John Norborougb at Baldivia and at the Weft entrance of 
the Jlraights of Magellan do plainly fhew>that that Eaft Vari¬ 
ation noted in our third remark is decreafeing apace ; and 
that it cannot reafonably extend many degrees into the 
South Sea from the Coaft of Peru and Chili » leaving room 
for a fmall Wefterly Variation* in that tra&of theun- 

F f known 
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known World that lies in the midway between Chili and 
Uevp' Zjaland a nx\& between Hounds-Jfand and Teru. 

8 . That in failing North-weft from St. Helena by Af- 
cenfion as fat* as the Equator the Variation continues ve¬ 
ry Irtiall Eaft , and ag it were confhntly the fame : fo that 
in this part of the World the Coarfe, wherein there is no 
Variation, is evidently no Meridian* but rather North- 
weft 

g. That the entrance of Hudfons Jlraights and the 
Mouth of the River of Plate being nearly under the fame 
Meridian, at the one place the Needle varies 39 £ degrees 
to the W'ejl 5 at the other 20 £ degrees to the EajL This 
plainly demonftrates the impoffibility of reconcileirg 
thefe Variations by the Theory of Bond: which is by twq 
Vlagnetical Foies and an Axis (inclined to the Axis of the Earth s 
from whence it would follow, that under the fame Meridian 
the VariationJfjould be in all places the fame tray. 

Thefe things being premiled may ferve asa fure foun¬ 
dation to raife the fuperftruQure of a Theory upon. But 
ftrft it would not be amifs to Hievv hereby themiftakeof 
Gilbert and Des Cartes: The firft whereof fuppofes: that 
the Earth it (elf being in all its parts Magnetical , and the TVater 
not s wherefoever the Landis > thither alfo JJjould the ’Needle 
turn > as to the greater quantity of Magnetical matter. But 
this in many instances is not true s but moft remarkably 
upon the Coaft of Brafle: where tbe Needle is fo far from 
beingattrafted by the Land, that it turns the quite con¬ 
trary way * leaveing the Meridian to lye N B E» which is 
juft along the Coaft. As to the pofition of Des Cartes»that 
the Iron and Loadjtones hid in the Bowels of the Earth and the 
Bottom qf the Sea maybe the Caufes that the Needle varies ; 
If we conftder for how great a part of the Earths furface 
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ex gr. in the whole Indian Sea, the Needle declines the 
fame way, and that regularly .• twill follow that the attract¬ 
ing bubftance that occafions it»muft be very far diftant.Now 
by Experience we find the little force that Iron Guns have 
upon che Compafs in fhips (their vertue, tho they be denii- 
cuiverin , or greater Cannon , being nor perceptible at 
Four or Five yards diftance ) and the Experiments now 
before the Royal Society do plainly fliew, how little a Mag- 
netifm there is in moil crude Iron Ores: what quantity 
thereof muft be then fuppofed ro make fo powerful! 
a diverfion at Two or Three Thousand miles diftance.^ 
Yet l cannot deny that inlome places near the Ihore, or 
in ftioal water, the Needle may be irregularly directed from 
the a to re fa id caufes , and that not a little , as Gajfendus 
gives a notable inftance of the ifland Elba in the Mediter¬ 
ranean Sea : but thefe differences from the general Dire¬ 
ction are always figns of the nearnefs of thofe Magnetical 
fubftances, for the production whereof that Ifland Elba 
has been famous from all antiquity. Befides» againft both 
Des Cartes and Gilbert, the change of the Variation, which 
has been within this Hundred yearlaft paft more than 15 
gr. at London ■ is an entire Demonftration; tho Des-Cartes 
does not flick to fay, that the tranfporration of Iron from 
place to place, and the growth of new Iron within the 
Earth , where there was none before, miy be the caufe 
thereof The fame holds likewife againft the Mypotkfs of 
Magnetical Fibres, which Jfircbcr maintains. 

Now to propoffc fomething that may anfwer the fever a l 
appearances , and introduce nothing ftrange in Philofo- 
phy, after a great many clofe thoughts, I can come tone 
other conclufio.n than that , The -whole Globe of the Earth if 
me great Magnet, having Four Magnetical poles., or points of 
attraction, near each pole ofthe Equator Two ; and that,in theft 
parts-of the World which lye near adjacent to anyone of thofe 

F f 2 Mag- 
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Magneticalpoles , the Needle is governed thereby , the nearefi 
pole being always predominant over the more remote. The 
parts of the Earth wherein thele Magnetical Poles lie cat*, 
not as yet beexatftly determined for want offufficient Data 
to proceed Geometrically: but, as near as Conjecture can 
reach, I reckon that the Pole which is at prefent nearefi: 
to vs lies in or near the Meridian of the Lands end of Eng r 
land and not above 7 degrees from the Pole Arflick, by 
this Pole the Variations in all Europe , and Tartary , and the 
North Sea are principally governed,* tho with regard to 
that her Northern pole, whole fcituation is in a Meridian 
pafllng about the middle of California, and about 15 gr. 
from the North Pole of the World, to this the Needle 
has chiefly refpedfc in all the North America , and in the 
T wo Oceans on either fide thereof, from the Azores weft- 
wards to Japan, and farther. The Two Southern Poles are 
rather farther diftant from the South pole of the World. 
The one about fixteen degrees therefrom is in a Meridian 
fbmeTwenty degrees to the Weftward of Magellansfiraights* 
or 95 degrees Weft from London : this commands the 
Needle in all the South America , in the PacifickJSea , and 
the greateft part of the Ethiopicl^ Ocean. The Fourth 
and laft Vole feems to have the greateft Power and largeft 
dominions of alLas it is the mod remote from the pole of the 
World, being little lefs than ao degrees diftant therefrom, 
in the Meridian which pafles through Hollandia.Nova and 
the Ifland Celebes about no degrees Eaft from London » 
this Pole is predominant in the South part of Africa* in 
Arabia and the fed Sea* in Per ft a , India 2nd its Iflands, 
and all over the Indian Sea from the Cape of Good-Hope 
Eaft wards to the middle of the great South Sea that divides 
Afia from America. This feems to be the prefent difpofiti- 
on of the Magnetical vertue throughout the whole Globe 
©1 the Earth: it remains to fhew how this Hypothefis 

makes 
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makes oat all the Variations that-have been obferved of' 
late; and how it anfwers to our feveral remarks drawn 
from the Table. And firft it is plain that ('our European 
North Pole being in the Meridian of the Lands end of Eng¬ 
land) all places more Eafterly than that willhave it on the 
Weft fide of their Meridian ; and confequently the Nee*' 
die, refpedling it with its Northern point, will have a 
Wefterly variation, which will ftill be greater as you go 
to the liaftwards, till you come to fome Meridian of EuJJia 
where twill be greateft, and from thence decreafeagain. 
Thus at Brejl the Varia tion is but i£ degrees, at London 
4 i degrees: but at Dant-qckj degrees Weft. To the left¬ 
ward of the Meridian of the Lands end, the Needle ought 
to have an Eafterly variation: were it not that (by ap¬ 
proaching the American Northern Pole, which lies on the 
weft fide of the Meridian , and feems to be of greater force 
than this other) the Needle is drawn thereby leftwards 3 
fo as to counterbalance the direction given by the Euro¬ 
pean Pole, and to make a fmall weft Variation in the Me¬ 
ridian of the Lands end it felf. Yet I fuppofe that about the 
Meridian of the IfleTerrem,our neareft Pole may fo far pre¬ 
vail as to give the Needle a little turn to the Eaft > though 
but for a very fmall fpace: the Counterballance of thofe 
two poles permitting no confiderable Variation in all the 
Eaftern parts of the Atlantic^ Ocean» nor upon the Wejt 
Coaftsof England and Ireland, FranceSpain , and Barbary. 
But to the Wefiwards of the Azores the Power of the A- 
merican Pole overcoming that of the European , the Nee¬ 
dle has chiefly refpe<ft thereto ,* and turns ftill more and 
more towards it as you approach it. Whence it comes to 
pals that on the Coaft of Virginia, New-England , New¬ 
found land, and in Hudfons-ft raits the variation is Weft- 
ward* that i#decreafes as you go from thence towards Eu* 
rope ; and that it is lefs in Virginia ., and New.England than in 
New-found Land and Hudfons Jtraights. This Wefterlg, 
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Variation ’ again decreafes, as you pafs over the North 
America • and about the Meridian of the middle of Califor¬ 
nia the Needle again points due North ; and from thence 
welt-wards to ¥cd%o m&Japan I make no doubt but the Va~ 
riation is Eafterlyi and half Sea o ’er not jefs than 15 de- 
gres, if there be any truth in this Oypothefis of mine. 
Therefore I propofe this as a tryal, that the whole may 
be fcann'd thereby : and l conceive it will not b» hard to 
know of' the Spaniards how it is, who fo frequently fail 
through that Ocean, in their return from the Manilha 
Ifles. This Eajl Variation extends over ]apan,Yed%o,EaJi- 
'Tartary and part of China » till it meet with the Wefterly, 
which is governed by the European Norrh Pole, and which 
I faid was greateft fomewhere in PjiJJia. 

Towards the Southern Pole the effedt is much the fame* 
only that here the South point of the Needle is attracted. 
Hence it will follow,that the Variation on the Coaft of Bm- 
%ile 5 at the River of Plate , and fb on to the Jlrdigbts of 
Magellan fhould be EafterlyCas in our third remark ) : if we 
fuppofe a Magnetical Pole feituate about 20 degrees more 
Wefterlythanthe Jlraights of Magellan . And this Eajterly 
Variation doth extend Eaftward over the greateft part of 
the EtbiopicfSzz, till it be counterpoized by the Vertue 
of the other Southern Pole : as itisabour midway between 
the Cape of Good-Hope , and the * Ifles of Trifian d' 
Acuntia . From thence Eaffwards, the 4 fan South Pole 
Cas l rauft take the liberty to call it) becomi ng prevalent, 
and the South point of the Needle being artra&ed thereby, 
there arifes a Weft variation very great in quantity and ex¬ 
tent , becaufe of che great diftance of this Magnetical Pole 
of the World. Hence it is, that in all the /w^mnSeaas 
far as HoUandia Nova and farther there is conftantly weft 
Variation; ar that under thefcquatorit feiflt arifes to no 
left than t8. degrees, where tis moft. About the Meridi¬ 
an of the Ifland Celebes t being likewife that of this Pole, 
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this Wefterly Variation ceafcSi and Eafterly begins • 
which reaches according to my Hypothefis to the middle 
of the South Sea between J^elandiaNova and Chili , leaving 
room for a finall Wejl- Variation governed by the American 
South Pole* which I fhewedto be in th t Pacific^ Sea ^ in 
the Sixth and Seventh remark. 

What I have now faid , does plainly fhew thefuffici- 
encie of tins Hypothefis for folving the Variations that are 
at this time obferved in the temperate and frigid J^ones, 
where the direction of the Needle chiefly depends upon the 
Gounterpoife of the forces of tw6 Magnetical Poles of 
the lame nature: and 1 fuppole I have fhewn how it comes 
to pafs, that under the fame Meridian the Variation (hould 
be in one place 29 t Wejl , and in another 20 j Eajl 3 as I 
noted in my ninth remarqu*. 

In the Torrid Zone , and particularly under the Equi¬ 
noctial, refpedt muft be had to all four Poles, and their 
pofitions well confidered, otherwife ic will not beeafyto 
determine what the Variations lhall be the neareft Pole 
being always the ftrongeft j yet not fo, as not to be 
counterbailanced fometimes by the united forces of two 
more remote; a notable inftanee whereof is in our 8* re¬ 
mark , where I took, notice , that in failing from St. He- 
lem by the Ifle of Afcenjion , to the Equator, on a NJV.comfe 
the Variation is very little Eafterly and in that whole Tradt 
unalterable, for which I give this reafon, that the South 
American Pole (which is confiderably the neareft in the 
aforefaid places,) requiring a great Eafterly variation is 
counterpoized by the contrary attraction of the North-A- 
mencanand the AfianSouth Pole *, each whereof fingly are, 
in thefe parts, weaker than the American-Soutk'pole ; and 
Upon the NW. courfe, thediftance from this latter is very 
little varied; and as you recede from the AJian-South-po\c t 
the ballance is ftill preferved by the accefs towards the 
Narth-American- Pole*. I mention not in this cale the Eu- 



c no ) 

opcan North-Vole *, its Meridian being little removed from 
thofe of thefe places; and of it felf requiring the fame Va¬ 
riations we here find. After the fame manner we might 
proceed to conclude the Variations in other places under 
and near the Equator: but I purpofely leave itforanex- 
eicife to the thoughts of the Serious Reader, who is defi- 
red to help his imagination, by having before him a Map 
or Globe of the Earth; and to mark thereon the Magnetic 
cal Poles in the Longitudes and Latitudes I afltgn the m. 

Thus I hope l have not loft my Pains and 'Study in this 
difficult Subject : believing that I have put it paft doubt , 
That there are in the Earth Four fuch Magnetial Points 
or Poles which occasion the great variety andfeeming irregularity 
which is obferved in the variations of the Compafs. But to cal¬ 
culate exaCUy what it is, in any place affigned, is what I 
dare not yet pretend to,* tho I Could wifli it were my hap- 
pinefs to be able to oblige the world with lb ulefull a peice 
of knowledge, there are difficulties that occur that render 
the thing as yet not feafible, forfirft there area great ma¬ 
ny obfervations requi/ite, which ought to be made at the 
fame time 5 not at Sea, but afhore ,* with greater care and 
attention than the generality of Saylors apply. And befides 
it remains undetermined in what proportion the attractive 
power decreafes, as you remove from the Pole of a Mag¬ 
net b without which it were a vain attempt to go about to 
calculate. There is yet a further difficultie, which is the 
change of the variation , one of the difcoveries of this 
laft Century j which ffiews, that it will require fome 
Hundreds of years to eftablilh a compleat doCtrine of the 
Magttetical Syftem. From the foregoing Table it fhould 
feem, thatallthe Magnetical Poles had a Motion left¬ 
ward: but if it be fo, tis evident that it is not a rotation 
about the Axis of the Earth; for then the Variations would 
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continue the Tame", in the fame parallel of Latitude ('the 
Longitude only changed) as much as is the motion of the 
Magnetical Poles, but the contrary is found by Experience; 
for there is no where in the Latitude of 51 £ North., be¬ 
tween Englandditid America , a Variation of 11 degrees Eaft* 
at this time : as it was once here at London, it feems there¬ 
fore that our European Pole is grown nearer the Pole Arc¬ 
tic!^ than it was heretofore s orelfe that it has loft part of 
its Vertue. But whether thefe Magnetical Poles move al¬ 
together with one motion,or with feveral} whether equal¬ 
ly or unequally * whether circular or Libratory: if cir¬ 
cular, about what center; if Libratory, after what man¬ 
ner ; are fecrets as yet utterly unknown to Mankind ; and 
are referred for the induftry of future ages. 
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